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Abstract 
We present simulation results for the production of algae-derived hydrogen and syngas using a dual fluidized bed 
(DFB) gasifier. A global sensitivity analysis is performed to determine the impact of key process parameters (i.e. 
gasification temperature, feed water content, steam to biomass ratio, and fuel-air equivalence ratio) on the product 
yield and cold gas efficiency. Also, in order to account for different algae strains and varying extents of oil extraction 
prior to the gasification process the algae oil content was varied from 0 to 40 wt%. The results presented here can 
help to benchmark gasification against other algae conversion strategies in terms of process efficiency, feasibility and 
impact on the environment. 
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1. Introduction 
In spite of extensive studies into different aspects of algal biofuels over the past few years, the 
conversion of microalgae feedstock to syngas and hydrogen via thermochemical routes has received very 
little attention thus far. However, due to a relatively high technology readiness level, conversion of algae 
to syngas and hydrogen via gasification seems to be a very promising strategy for the realisation of algal 
energy in the near future, which would in turn allow for the development of algae cultivation and 
processing infrastructure. Herein, we present the results obtained from the simulation of the algae 
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gasification process in a dual fluidized bed biomass gasifier. A global sensitivity analysis was performed 
to determine the effect of the oil and moisture content of the feedstock, the temperature of the gasifier, and 
the flow rates of steam and air on the product yields and cold gas efficiency. For further information, one 
is referred to [1-3] for biomass gasification, to [4-5] for analysis of biorefineries using global sensitivity 
analysis, and to [6] for the biochemistry of algae and its fractions. 
2. Methodology 
The process flow diagram of the algae gasification plant is shown in Fig. 1. The dual fluidized bed 
gasifier was simulated using a separation unit for pyrolysis and two equilibrium-based reactors for 
reforming and char combustion. The heat exchangers were optimized such that the temperature of syngas 
and flue gas in the outlet was at 120oC. The results obtained from 2000 simulations at different operating 
conditions were used to perform the global sensitivity analysis and generate surrogate models valid over 
the following ranges of parameters: 0-40 wt% algae oil (dry basis), 700-900oC gasification temperature, 
20-50 wt% feed water content (moisture), 0.4-0.8 kg/kg steam to biomass ratio (dry biomass), and 0.1-
0.25 fuel-air equivalence ratio. The composition and lower heating value (LHV) of each feedstock was 
calculated based on the elemental composition and LHVs of its constituting fractions (oil, carbohydrate, 
protein, nucleic acid) as obtained from [6].  
Fig. 1. Process flow diagram of algae gasification using a dual fluidized bed. The combustor temperature was set to 150oC higher 
than that of the gasifier. A partial recycle of syngas was introduced to increase the thermal duty of the combustor if needed. 
3. Results 
The global sensitivity analysis and effects of the two most influential parameters on the heating value 
of syngas, cold gas efficiency, and H2:CO ratio are presented in Fig. 2. The heating value of syngas 
showed greatest sensitivity to the energy content of the algae, which was in turn proportional to its oil 
content. Increasing the oil content from 0 to 40 wt% increased the LHV of the produced syngas from 17 
to 24 MJ/kgdry feed. In contrast, the cold gas efficiency (defined as the ratio of the heating value of the 
syngas to that of the feed) was primarily dependent on the water content of feedstock and the amount of 
steam, with only a minor influence from algae composition. The strong effect of feed-water content on 
the process efficiency suggests that the upstream processes utilised to dewater dilute algae culture should 
also be coupled to the current model in order to find the overall optimum point. 
The composition of the algae-derived syngas, represented by the H2:CO ratio, was found to be largely 
controlled by the feed-water content and gasification temperature. Expectedly, at equilibrium, the H2:CO 
ratio increased when the operating conditions favoured the forward water-gas-shift reaction. However, the 
decrease in hydrogen yield at higher temperatures was somewhat suppressed by the dramatic reduction in 
the yield of methane (not shown here). 
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Fig. 2. Left, global sensitivity analysis of and, right, effect of the two most influential parameters on syngas LHV (top), cold gas 
efficiency (middle) and H2:CO ratio (bottom). 
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Although in the present work surrogate models are constructed only for the purpose of global 
sensitivity analysis, they can potentially be a very powerful tool for the optimization of such complex 
processes each of which may contain a number of optimization subroutines and recycle streams. 
4. Conclusions 
The production of biorenewable syngas and hydrogen via the gasification of algae in a dual fluidized 
bed was simulated and a global sensitivity analysis of the system was conducted. It was found that algae 
oil content has the largest effect on the LHV of the produced gas, whilst the cold gas efficiency and 
H2:CO ratio are primarily influenced by the feed water content. The results presented here can be used to 
assess the algae gasification process from technical, economical, and environmental standpoints. 
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